SUMMARY Microfocal radiography has been used to evaluate the relation between erosion number and erosion area in the hands and wrists of 51 patients with early to moderately advanced rheumatoid arthritis. The hands of these patients showed different patterns of erosion progression, in terms of the relation between changes in number and area, and included those showing a decrease in one or both of the erosion parameters. The mean number of erosions in the group increased between the first and second visits. By the third visit (a mean of 48 months from the onset of symptoms) the mean number of erosions in the wrist and hand of the group had approached a constant value of 75 erosions. Over the same period the mean erosion area of the group continued to increase. Measurement of changes in erosion area is a more sensitive indicator of erosion progression than erosion number, both within the group and in individual patients.
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The radiographic assessment of disease progression in rheumatoid arthritis (RA) is based on either the method of Sharp et al or that of Larsen et al. [1] [2] [3] Both methods score the extent of joint destruction. Sharp scores each joint on the basis of the number of erosions up to a total of four; a maximum score of five is given when the joint is more severely damaged. Larsen's system compares the patient's radiograph with a series of reference films graded 0-5. This assessment is a global one and is influenced by the size of the lesions as well as their number.2 3 Although it is becoming widely accepted that the enlargement of erosions rather than the increase in erosion number is most relevant to the radiological assessment of progression in RA,3 the relation between changes in number and size has yet to be (Figs lb and c) .
Furthermore, the magnitude of the changes was Erosion progression in patients with RA 27 greater between the first and second visits than subsequently. Table 1 shows that between the first and second visits most of the cases showed an increase in erosion formation, of which 48 increased in both number and area, 18 in area only and eight in number only. At subsequent visits fewer hands showed significant change. The number of hands showing a significant increase in erosion number in the group declined over the three visits (from 58 to 32 to 19), whereas the increase in erosion area tended towards a constant (total 67, 52, 51). Throughout the study hands of some patients showed a reduction in the number and size of erosions. The number of these hands increased with time. Figure 2 clarifies these observations by illustrating the average total number and average total area of erosions in the group of patients with RA plotted against time in terms of the time since the first x ray examination. The graph shows that between the first and second visit the percentage change in erosion number and area was 11% and 19%, between the second and third visits 6% and 13%, and between the third and fourth visits 0% and 11% respectively. By the end of the third visit (48 months from the onset of symptoms in the group) it would appear that the average erosion number of the group had become constant at 75 erosions per wrist and hand. An analysis of variance showed that there was a significant difference (p<005) in the average total erosion number of the group of patients between the first and subsequent three visits. The absence of significant differences between the last three visits confirms the reduction in erosion number progression. By contrast, the changes in the average total erosion area were found to be significantly different (p<005) between visits 1 and 3, 1 and 4, and between visits 2 and 4, indicating continuing erosion area progression.
Discussion
The high magnification and resolution of microfocal radiography permit measurements of structures as small as 35 pm and enable the accurate measurement of changes in the number and size of lesions in the rheumatoid wrist and hand.9 Analysis of the radiographs in this study indicates that many patterns of erosion development can be found within the wrist and hand of this group of patients ( Fig. 1 and Table 1 ).
As the study progressed evidence of remineralisation tended to be found more frequently and the net disease progression tended to decline. In this instance microfocal radiography detected erosion repair as a decrease in erosion area. This was observed either as a sclerotic margin surrounding an erosion or as a remineralisation of the pre-existing trabeculae at the endosteal margins of the erosion, or both. In addition, the disrupted cortical margin of some erosions remineralised. Owing to these processes erosions were no longer radiologically detectable.
Within this group of patients with RA the mean erosion number and area changed at a similar rate between first and second visits. Over the subsequent period of the study the rates diverged. By the third x ray examination the mean number of erosions in the wrist and hand approached a constant of 75 erosions. At this period of the study most of the hands investigated showed no change in erosion number. The remaining patients were about evenly distributed between those showing an increase and those showing a decrease in erosion number. Over the same period the rate of change of erosion area for the group showed a slight decline, but in most hands erosions continued to enlarge. Within the period of the study there was a gradual increase in the proportion of hands showing no change or a reduction in erosion area.
In this group of patients with RA examination of the erosion number data alone would have led to the conclusion that disease progression had largely ceased by the third x ray (48 months from the onset of symptoms in the group). The changes in area in a given hand were generally more significant than those of number, however. Consequently in the x ray analysis of disease progression in a group of rheumatoid patients changes in erosion area must be used in preference to number.
The decrease in erosion number progression fairly early on in the disease process (Fig. 2 ) is in contrast with the findings of conventional radiography, where erosion numbers increased over a 16 year period." A computer model was developed to test the hypothesis that this difference was due to the different sensitivities of the two x ray techniques. Figure 3 illustrates the results. Although the model is an oversimplification as it assumes that erosion progression is linear and uniform, nevertheless, it does illustrate the difference in the results from x ray methods of differing sensitivities. The patterns derived from the model for low sensitivity (Fig. 3B ) match the findings described for erosion progression using standard radiography1' and for high sensitivity (Fig. 3A) the findings for microfocal radiography described here.
The sensitivity of the changes in erosion area as a measure of disease progression described here confirms the observations and findings of Larsen and his colleagues2 3 and emphasises the need to examine the internal organisation of bones and the changes therein rather than simply examining cortical defects. The limitation of this study is that the patient's treatment was variable and not consistent over the study period, thus preventing any conclusions being drawn as to what effect it might have had on erosion progression. The effect of therapeutic intervention on erosion progression is being evaluated, however, in a study currently in Erosion progression in patients with RA 29 progress. In the study reported here disease progression was analysed in terms of the total changes in erosion number and area in the wrists and hands of patients. Whether these measurements accurately represent the mechanisms involved in disease progression will be evaluated by a more detailed examination of the changes occurring in individual erosion sites. 
